The fast growing complexity and short time-tomarket 
Introduction
System-on-a-chip (SoC) is a revolution in the design of integrated circuits due to the unprecedented levels of integration possibility. The key concept in SoC design is that a chip can be designed rapidly using third party and proprietary IP-cores, where IP-core refers to predesigned behavioral or physical descriptions of a standard component [1] . However, the increasing complexity of such systems has brought a major problem to engineers: integration of heterogeneous cores has become a bottleneck of the design flow, compromising the tight time-to-market constraints. In this way, the teaching of techniques concerning the development and use of IP-cores, standard interfaces [2, 3] , combined with modern CAD tools, that automate the integration process is essential to successful embedded systems designs. Besides, the adoption of reconfigurable chips, like Field-Programmable Gate Arrays (FPGAs), as prototyping platforms, can help the system designer to make improvements to the system and ensure that a design meets its requirements before it is implemented as an Application Specific Integrated Circuit (ASIC), if it is needed. SoCs, implemented in such reconfigurable platforms, are commonly known as System-on-Programmable-Chip (SoPC) [4] .
In this one-semester project-oriented course, a topdown SoC design flow is presented, aiming the development of a controller to a small robot, based on the Altera Nios Processor [5] . This methodology goes from the initial system specification, synthesis, validation, followed by IP-cores integration on Altera SoPC Builder tool [4] . The prototyping is performed on an Altera APEX20KE FPGA family platform board (Excalibur) [6] .
In section 2 a design flow overview is presented. Sections 3 and 4 present a case study and conclusions respectively.
Design Flow
Initially, the course introduces a VHDL design methodology for FPGA and ASIC, including synthesis, validation techniques and technology [7] [8] [9] (Figure 1a ). In the second part, a class project, base on a real application, is presented. Its specification is done in a natural language. After, a manual hardware/software partitioning is performed, according to design requirements.
An Excalibur platform, based on the Altera Nios processor, and Avalon Bus [2] , is the project prototyping platform. The Avalon bus interface has a very simple protocol, allowing us to easily add new cores to the system with a minimum overhead. The SoPC Builder Tool [4] is used for integration of the IPcores in the design. The cores can be proprietary, from Altera, or developed by users. In this class, new cores are specified in VHDL (Figure 1b ), synthesized and validated by Quartus II design tool [6] . All IP-cores implement an Avalon bus interface protocol.
After synthesis and core verification, they are integrated on the Nios CPU soft core system by using SoPC Builder tool. After synthesis, the system (SoC) is created as an unique module (hardware), ready to be tested in the platform. At the same time, a C code, the software component is developed and compiled for the Nios Processor.
At the end, the hardware bitstream is download to the platform via a JTAG interface. A shell (SDK) transfers the executable C code to the platform.
The course topics are shown in figure 1.
Projects
As a project-oriented course, a robotic application (Figure 2 .b) has been chosen.
In the classes, several cores have been developed in VHDL, as presented in Figure 2a .
In each one-semester new class, at least, a new core is added to a library core. So, depending on the semester, students can reuse core or create new ones, according to robot functionality. A C program controls the robot. Single read command to I/O devices, like wireless transmitter (RF) and sensors, are decoded by the Nios CPU, that controls the dc motor and stepper motor cores, moving the robot according to a control algorithm.
The physical structure of the robot was developed using a Lego MindStorms kit [10] and other apparatus from third party sources. In this example, the cores of controllers for two dc motors, a step motor, a digital camera, a RF unit, an infrared proximity detector, together with a Nios CPU and a Avalon bus soft core have been integrated to a FPGA APEX200KE from Altera. The C code has been downloaded into a SRAM board memory. As the results, 3000 logic elements and a 1108 lines of C code, running at 33.333 MHz have been implemented. The Excalibur board is connected to the robot via a flat cable. The robot is controlled by a RF core application implemented in an UP1 board [6] .
Conclusions
A methodology for teaching of digital system designs based on SoPCs case study development has been presented. This works shows how easy and productive is the development of such systems base on practical case studies, by using modern design CAD tools. These practices have motivated students and enhanced learning. New cases and IP-cores are under development. 
